Chemical analysis of leaves is an effective tool for detecting nutritional imbalances and providing data for fertilizer recommendations. Therefore, it is extremely important to establish criteria for interpreting these results. The DRIS (Diagnosis and Recommendation Integrated System) method is an alternative to the interpretation of results of leaf analysis as it allows the calculation of indexes for each nutrient, using its relations with others and comparing them with
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Introduction
The orange production in Brazil is about 18.3 million tons in an area of 830,000 ha, with average yield of about 22 tons per hectare (IBGE 2010) , which is low, mainly due to the nutritional management culture.
In orange trees, the chemical analysis of leaves, in addition to assessing the nutritional status of culture, is employed to establish the recommendations for nitrogen (N) fertilization. Marschner (1995) emphasizes that for fruits the leaf analysis becomes even more useful than soil analysis.
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The usual methods for interpretation of chemical analysis in leaves are performed from the comparison of nutrient concentrations diagnosed with reference values such as the critical level (CL) or sufficiency ranges (SR), characterized by the independence of nutrients. Thus, the level of a nutrient does not affect the classification of others, but has the serious limitation of not identifying which nutrients are most limiting (Trani, Hiroce, and Bataglia 1983; Raij et al. 1997; Martinez, Carvalho, and Souza 1999) . The DRIS method (Diagnosis and Recommendation Integrated System) is an alternative to the interpretation of results of leaf analysis, because the method allows the calculation of indexes for each nutrient, using its relations with others and comparing them with a population reference (Beaufils 1973) , instead of the absolute and isolated concentration from each one.
The DRIS index is nothing else than the average of the deviations of relationships containing a nutrient in relation to their optimal values. Each relationship between nutrients in the population of high productivity is a DRIS norm and has their respective mean and standard deviation.
The index of nutrients in a sample can vary from positive to negative, but the sum of these indexes will always be equal to zero. The sum of the absolute values of these indexes is the nutrient balance index (NBI), expressing the nutritional balance of the crop sampled. Lower NBI represents a lower nutrient imbalance.
This work proposes preliminary DRIS norms and derives critical levels and sufficiency ranges of nutrients in the leaf tissue of Pêra orange in growing conditions of the São Paulo State, Brazil.
Material and Methods
The nutritional monitoring of Pêra orange (Citrus sinensis L. Osbeck), grafted on Cleopatra tangerine (Citrus reshni Hort. ex tan), was done from 50 leaf samples, from a 15-year-old orchard with 7 × 5 m spacing, in the city of Bebedouro, SP, in the Estação Experimental de Citros de Bebedouro (EECB). The soil of the area is a typical Oxisol, medium texture, A moderate, alic (Hapluxtox) (Silva et al. 2007 ).
The leaf samples were taken at 7, 18, and 30 months after the liming application, done in July 1999. We evaluated foliar concentrations of N, P, K, Ca, Mg, B, Cu, Fe, Mn and Zn. The samples were dried in a dryer with forced-air circulation (65 ± 5
• C) and, after drying, they were crushed and chemical nutrients were determined, according to methods reported in Silva et al. (2009) . The information used to form the database and develop DRIS was the total content of nutrients (g kg −1 and mg kg −1 ) in the leaves and the yield of oranges, assessed for the 2000-2001 and 2001-2002 harvests. For the establishment of DRIS norms, the database was divided into two subpopulations: one with good productivity (or the reference population) and other with poor productivity. The population with good productivity was established from productivities that were greater than the average productivity of the areas plus their standard deviation (m + s), which in this case would be approximately more than 56.47 tons per hectare.
The mean, variance, and coefficient of variation were calculated for the reference group or good and poor productivity, using direct and inverse relations. In the calculations of the DRIS method, only one type of expression is used to relate each pair of nutrients. Thus, as we expected that the relations would have a normal distribution (Beaufils 1973) , we conducted the normality test (Shapiro Wilk) for the choice of the relationships between nutrients.
To calculate the functions of the ratio of nutrients, we used two methods: the original method proposed by Beaufils (1973) by Beaulfils (1971) , with the simplified formula by Jones (1981) . The choice of methods was due to their utilization, because these two methods are the most applied to the establishment of DRIS norms.
Beaufils (1973)
The function of the relationship of nutrients calculated by Beaufils (1973) is given by the following equations:
where A/B is the relation to each two nutrients, A/B a is the relation to each two nutrients for the sample that you want to evaluate, A/B r is the relation to each two nutrients of the reference population, k is the constant sensitivity, and cv is the coefficient of variation of the reference population.
Jones (1981)
The function of the relationship of nutrients proposed by Jones (1981) was calculated from the following equation:
where A/B is the relation to each two nutrients, A/B a is the relation to each two nutrients for the sample that you want to evaluate, A/B r is the relation to each two nutrients of the reference population, k is the constant sensitivity, and s is the standard deviation of the reference population. The value of k = 1 was used in the calculation of the two proposed methods. For the calculation of DRIS indexes, it was applied the general formula proposed by Beaufils (1973) , being for a nutrient Y:
The nutrient balance index (NBI) was calculated by adding the absolute values obtained for each nutrient: NBI = |IN| + |IP| + |IK| + |ICa| + |IMg| + |IB| + |ICu| + |IFe| + |IMn| + |IZn|
The mean nutritional balance index (NBI m ) was calculated by adding the absolute values obtained for each nutrient and dividing it by the total number of nutrients (n) (Wadt et al. 1998 
The interpretation of DRIS indexes by Jones and Beaufils was performed with the nutrients classified according to the potential response to fertilization (PRF) (Wadt et al. 1998) . For greater synthesis, the classes of potential positive response (p) and positive or zero (pz) and also negative (n) and negative or zero (nz) were grouped and denominated limiting by deficiency (LD) or excess (LE). The class of null response (z) has been named nonlimiting (NL), according to Silva et al. (2005) .
For Jones and Beaufils methods, the hypothesis that the frequency with which each nutrient occurred as the primary limiting nutrient by deficiency (i.e., with potential of positive response to fertilization and with high probability) has been attributed to the random. For this, we used the chi-square adjustment test (Silva et al. 2005) , at 5% probability, with n -1 degrees of freedom (n = number of analyzed nutrients).
The nutrient that presented the negative index of lower value in relation to indexes of other nutrients, and higher in absolute value than the mean nutritional balance index (NBI m ), was considered the primary limiting nutrient by deficiency. If true, the frequencies observed for all nutrients would be statistically equal. The expected (EF) and observed frequencies (OF) were calculated as follows (Urano et al. 2006) :
total number of plots evaluated number of nutrients evaluated (total number of plots evaluated)
number of plots in which the nutrient was (p) total number of plots evaluated × 100
To establish the optimal levels (or critical level, CL) of each nutrient, the relationship of each nutrient with their respective nutrient balance index was trraced. Thus, the excellent foliar concentrations of N, P, K, Ca, Mg, B, Cu, Fe, Mn and Zn for Pêra orange were obtained, equaling zero in all the indexes in the equation (y = ax + b = 0), because, theoretically, when all these indexes tends to zero, there is the optimal condition of the plant's nutritional balance. The analysis of relationship between nutrient content and DRIS index were performed using the software SISVAR (Ferreira 2008) .
The upper and lower limits of normal range of nutrient concentrations by the method of Jones and Beaufils were determined in a similar way to that used by Urano et al. (2007) , which consisted of equalizing statistical models of the relationship of the nutrient content and the DRIS indexes to zero and ±2/3 of the standard deviation.
Results and Discussion
From 50 samples analyzed, seven were considered good productivity or reference subpopulation (mean ± standard deviation), totaling 14% of the population. The remainder (86%) was considered the subpopulation of poor productivity.
Relations were chosen according to the normality, and in 82% the distribution was normal, so we did not opt for the transformation of the natural logarithm, as recommended by Urano et al. (2006) . Thus, the relationships chosen were those that showed normal distribution, whose norms are presented in Table 1 Both the diagnoses performed by the methods of Jones and Beaufils rejected the hypothesis that the frequencies of diagnoses observed for all nutrients were statistically equal, indicating that the methods were sensitive to diagnosing differences in probability of positive response to fertilization, that is, with deficiency, for the nutrients evaluated (Table 2) . Similar results were also obtained by Urano et al. (2006) . Table 3 shows the potential response to fertilization for the two methods, it appears that the diagnoses are different for the two methods worked. Differences between the methods of calculation of DRIS indices produced different values, which can lead to different interpretations of the same sample. The nutrient with the greatest response to fertilization when working by the method of Jones is the P, followed by B and Mn, respectively. When evaluating the potential for fertilization with a high probability of response by the method of Beaufils, nutrients with greater response, in decreasing order, are Mn > B > N > P = Cu > K, respectively. Therefore, it is observed that there were marked differences as to the greater nutrient deficiency between the two methods. As for the nutrients that are in excess or low response to fertilization, by the method of Jones would be, in descending order, Cu
In general we can say that there were more cases with null response, or orchards would have adequate levels when using the method of Jones. However, this fact depends on the nutrient in question, so that by Beaufils's method more cases of imbalance were diagnosed. Alvarez and Leite (1999) , in a mathematical proof, claim that the use of Beaufils's formula exaggerates the effect of excess or deficiency of the nutrient. a Less than the average + standard deviation. b p, positive, with high probability; pz, positive, with low probability; z, null; nz, negative, with low probability; n, negative, with high probability, as in Wadt et al. (1998). Considering the class of nutritional status (Silva et al. 2005) , for comparison between the methods used, it appears that the nutrients that had a greater number of concordant cases in decreasing order were Mn > Mg > B > N > Cu > Fe > Zn > K > P > Ca and that most of the concordant diagnoses were related when assessing the nonlimiting nutrient, followed when assessing the limiting nutrients for deficiency and then limiting by excess (Table 4) .
In a study whose objective was to generate norms for DRIS Pêra orange grafted on Cravo lime in the central region of State of Goias, Brazil, Santana et al. (2008) evaluated a database with 303 leaf samples of macro-and micronutrients. The reference population was formed by samples with greater productivity than 22 t ha −1 . Taking advantage of the norms generated by the authors, we diagnosed the poor-yield subpopulation of this study by two methods (Jones and Beaufils) (Table 5) .
However, through the classes of nutritional status, we also performed comparisons between the diagnoses generated by the norms of this study with the published norms of Santana et al. (2008) (Table 6 ).
In assessing the nutritional diagnosis by the method of Jones using the norms of Santana et al. (2008) Table 6 Frequency (%) of concordant diagnostic for assessment of nutritional status of N, P, K, Ca, Mg, Fe, Mn, Zn, Cu, and B determined by the methods of Jones and Beaufils, among the norms generated in this study and the norms generated by Santana et al. (2008) The greatest number of concordant diagnoses, independent of the method used, was for the class of nonlimiting nutrient, followed by limiting by excess and then by limiting by deficiency. Among the methods, the Beaufils method was closer to concordant diagnoses than Jones's method (Table 6 ). Because of greater productivity worked on the norms generated in this study (Table 1) , when compared with the diagnosis, independent of the method of calculation used, the macronutrients were found as limiting by excess by the norms of Santana et al. (2008) . There are several factors that may be related to this difference in production, such as the rootstock used, the environmental conditions of each region, and the presence of irrigation, among others. Mourão Filho, Azevedo, and Nick (2002) verified the influence of rootstock on the production and concluded that the fact that the population of Valencia orange trees has been selected in a region of irrigation and classified according to the rootstock has benefited the isolation of these factors. Rodriguez, Rojas, and Sumner (1997) , in the definition of DRIS norms in relation to Valencia orange in Venezuela, found no difference or influence of the rootstocks in Volkameriano tangerine and Cleopatra lemon. However, the influence of rootstock on the mineral composition of leaves of Valencia orange is already known and was investigated (Wutscher 1982 The DRIS was designed to make the interpretation less dependent on variations of sampling with respect to the age and origin of plant tissue, allowing a ranking of limiting nutrients to the growth and emphasizing the importance of nutritional balance of plant (Beaufils 1973) , allowing the universal use of DRIS norms. But the universal use of DRIS norms is questionable (Hallmark and Beverly 1991) , because differences between norms generated from different populations and local have been found, showing that the DRIS norms are not entirely independent of local conditions or times of sampling (Reis and Monnerat 2002) .
The concentration of mobile elements in the leaf decreases with age, whereas the concentration of immobile elements increases, so the relationship between a mobile and an immobile nutrient could not be kept constant along time. This fact brings down one of the premises for the use of DRIS at any sampling time (Reis and Monnerat 2002) . In this way, it is suspected that this universality attributed to DRIS norms may be responsible for failure of diagnosis found with this method (Reis and Monnerat 2002) .
When comparing the methods of Jones and Beaufils, it appears that the NBI values obtained by the method of Jones had a greater adjustment value of the linear equation when related to productivity (Figure 1 ) than the NBI values obtained by the method of Beaufils ( Figure 2 ). These calculated values are still low, indicating that other factors must be more strongly related to productivity change.
Mourão Filho, Azevedo, and Nick (2002), to establish DRIS norms for irrigated orchards of Valencia orange on three rootstocks, obtained similar results. The same authors assert that among the three procedures to calculate DRIS indices, tha is, the original method proposed by Beaufils (1973) , the method of Beaufils (1973) modified by Elwali and Gascho (1984) , and the method of Beaufils (1971) simplified by Jones (1981) , the latter showed the most advantages, confirming results obtained by Santos (1997) .
Regression equations were adjusted to the relationships between nutrient contents in leaves of Pêra orange and DRIS indices, using the application SISVAR (Ferreira 2008 ). Linear models were adjusted. For all nutrients there was significance. The coefficients of determination were between 0.67 (Ca) and 0.96 (Fe) for the relationships by the method of Jones and between 0.68 (Ca) and 0.97 (Fe) by the method of Beaufils ( Table 7) .
The comparison of the ranges of sufficiency of the bulletin of fertilizer recommendation in the state of São Paulo (Quaggio et al. 1997) were performed for Pêra orange, with the ranges generated in this study and the two methods used. In Table 8 is presented the sufficiency ranges, and it appears that the amplitudes related to the DRIS methods employed were closer. The same result was obtained by Serra et al. (2010) and Urano et al. (2007) . According to Serra et al. (2010) Quaggio et al. (1997) . b Optimal range estimated from the lower and upper limits equating to zero the equations of relationship of nutrient content and DRIS indexes and ± 2/3 of the standard deviation, according to Urano et al. (2007). with levels in the normal range, as occurs with the ranges of levels of literature reference, which have greater amplitudes.
In Siciliano lemon, Creste (1996) proved advantages of using the DRIS method in relation to sufficiency ranges, mainly because of their ability to indicate the nutrient deficiency or excess, in order of importance. Bataglia (1989) emphasizes that DRIS can be an alternative for nutritional diagnosis of citrus, but must be used in combination with other diagnostic criteria. Santos (1997) to the criterion of sufficiency range for the detection of plants below their potential of productivity, due to nutritional limitations.
In the comparisons between optimal range obtained by the use of DRIS with optimal ranges of literature, for the nutrients P, K, Ca, Zn, and B, these are overestimated and underestimated for the nutrient Mg. Also, the sufficiency ranges and critical levels of bulletins and literature for many different cultures were generated from the experimentation in 1970-1980, when varieties, nutritional requirements, and management were totally different from today. Teixeira et al. (2007) and Teixeira, Zambrosi, and Bettiol Neto (2002) mentioned similar behavior (differences between the ranges of sufficiency) when comparing the ranges generated by the DRIS method with those the literature recommends, in studies that compare the generation of DRIS norms in banana with the critical levels.
To perform diagnostics with the purpose of complementary recommendations of fertilization, many studies have shown advantages of DRIS in relation to the critical level (Jones 1981; Walworth and Sumner 1987) , considering that making the diagnosis takes into account the nutritional balance based on nutritional standards of reference or norms. This is particularly important in high levels of production, where the nutritional balance is often the critical factor in determining plant productivity. The norms, or composition of reference for the nutritional balance of a particular culture, can be extrapolated to different regions of the country. Diagnoses can be made at different stages of plant development independently of cultivar and the production-limiting nutrients can be readily identified and ordered according to their importance in limiting productivity.
The importance of DRIS for the culture of the Pêra orange is given mainly because it is a perennial crop for which the nutritional disorders affect plants cumulatively over the years, besides the fact that this correction of deficiency or excess often cannot be made during the crop cycle, making the diagnosis a fundamental factor at the beginning of it.
Conclusions
The methods differed between the limiting nutrients in Pêra orange orchard.
The use of regional norms must be prioritized because of differences between the management applied.
In the methods used, it appears that the nutrients that had a greater number of concordant cases in decreasing order were Mn > Mg > B > N > Cu > Fe > Zn > K > P > Ca.
The amplitudes related to the DRIS methods used were narrower than the conventional literature.
